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Foew~ord

Tho propent report, which in preltiivnr7 in mature, is based on itI
-Iftre Thk g oo-e of the roman favtor aspects of tho ctabijd !ax~y

ar~cit~Qert(A-o~~hi5---qupent-eiora1t yst". Otay afewis of
the; im'i1tlb~i~ nf' intorralated prvoblen-1 could b-5 az-m1-d In tMAA O'Ludy.
A Merv exhamn#bive attack is~ requireud to provide an adoqjiato dofinition

- of all the problents of the system.

Tho parosn &tudy w~za 4pr-rtv voti~- wihpjrona arlj ~ ~ ~ iation by tim Transportation Corps, US Army Aviatien board GOMMJ, mid
-the Coartomaet~r Corps (who asesumned prfrzary responhibility for tM co-

o-rd~nio~jn Land Lj-Mutct of th- st-t.4&K The o~thbr Tacbn±iai zarvlo=
contacted and msomseoxpreseod interest but were unable to assign personnel1
to the tsau.

AUSTIN HWSCH1, Ph.D.
I Chief

Invironsiontal Protection Ress-ach
Division
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1.1 Of all th" talko ran haz laarnod t* pafm th&L of I-lying in
xararaft, prbabsLy comes tho c].osesto to deaghdna the limit. of hie vev

* fwrmanue capabilitise. Because of 'his, c~arelft ecnaideration n~it be
given tn any obarmga In tfo parfax-a~ce roiral o! of an waviator. The
aviator's Job requiro.a that he spenid Ion" er~d f t4 1=t;Arag hw
performame of his aircraft. In addition, at eartain tip#@ he most re- - j
ce±'ro, interprett, and act on information rapidly and in ww dm.andins
raMuW= U44 of hie cap.abilitioa. If thana ywlak;ý t~ rjdc= n
Coupled with the stresses of aombat it tecoom evident, that. atqthing added
to Wth @*ysts of. operator, aircraflt, &Md *ilitary enT ru~nt Mat

da~nsr~h1f fa'ilita-te avarai' I porl- rmoite oft ti= -cqst= - -- --

1.2 In order to wake docisionsaon the advisability of providing additional
items of equipment for the Armyr aviator, 1t was necesusary to obtain as nub
information as possible regarding problems involved. It is the purpee. of
this study to i.dentify the hwoan onginoerlzg problem amsociatod with the
design of porsonal equipego in tsrm of safety, cempatibility botwe the
equ~ipped pilot and the oquipmmunt he mint soprate,, and his operating onvir-

L 3 As a group, the number of Army aviators has increased greatly in pr.-
* po;rtion to the rest of the Armw, and it appears that this growth will coan-

tinue in the future. 'Concepts of Nturo wazfaro empbasize the meed for
nobility in Army operations, particularly within the theater of operations.'
It is a good estimat6 that a considerable awmut of thin mobility @an. be'
obtained by the use of Army fixed and rotary wing aircraft* -At the present
time there is about one Army aviator per one hundred &and eighty persons In
the Army. As Army aircraft become a mror coomon %ode of troop transportation
it can be anticipated that this ratio will increase.

1.4 The reports from Army aviators, particularly these during the Korean
comnflict.* were that, the Itnow of ~rssn =Z.pe v u &7j Arz
aviators in' routine flying wore not adequate, for use during combat. Ausions.
Furtherwroe, as information concerning the hazards in the, aviator's en~roni-
sent wes compiled, it became evident that existing iteam were not adquate'
even for routine flying. -Fromi this information it Was dotermined that the,
Army aviator needs additional protaction from two hazards iii his mrnvirOmmernt;
one, hazards during a crash, particularly to the head,, and two, hazards of
personal injury duir to enemy fire. This investigation was undertaken pri.-
manily to study these tve hazards and with intent to consider others that say
arise.



2.1 Tha fl-14"rug a~~a- of r -. "- in, t±

1. 1Xasbi-oud uatmf Menciesa iH the bnartaent of t"h AP- ve-W

=- b =r af .*i.1

crash protaction were vicit*4,

operati~on2l fixed and rotary wing airare~tt of the U.S. Army.

oonaepte of o~emoymen of Army aircraft.

5. Pilots with combat soporiences were interviewed.I
6. * rtinent teohdacal reports were reviewed.

7. Other services and United "indon agencies were contacted (6).

2.2 The persens 'who composed the team which conducted this stuYA% are
"#"porttonteQatemse Research and kgineering Ceomdmand the Tr8 zuyIvans-L
prastiondt teQatese Research sn nieeigCmanad thiueriM. Coemmnd vthe rs
Bord, WNW.,C The project was Undertaken. as a joint effort. The~l kIles
that were represented an this teami arat extensive experience in zilitvawy
and ýcivilian aviatAion, chemical engineering and plastic headgear deeipi,
applied. peaychology,, and clothing design.

I~~e Sabectf~ ineriew scion of this study were 43 Army avIA~r

term wo wei intaboeum their combat experiences. All were rated
Koren cnflct.The great majority had their combat experience in the

KC van conflict. SwW pilotz who had survived recont. crashes with Aran K
tdorarft wore lainter~iviewd.

3-2- T6e sampling -was ppoitunistin since sufficient data about the past
pwesent aviat~or population was net availAble to provide any basis for

a-better zcampling plan. In fact any representat~ivesamainplt plan Would
still be subject to the criticism of bias since critical dat a is not avail-
able from theme who were killed in action. The sample conci ied of many of
those combat experienced Army aviators preseft fc;r duty at Fu.rt Banning,
Georgiat and Fort ftickor, Alabama, during September 1957.
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4.1 The proceduras uied to .ba~ vi~q.wcaAfi~ h- hw.ýtf
ar;, Volmon i" zsveporsea er tne Inter~~w eac Aw~w

oxplair"i to him the nat~ure of the subjoct mattr -fr diecsamift IN wig
inforawd that the team was invos. gat~n 1"- ftt "_w h 0=14; b~ c=Idvr~

wh~at Nh, oaid duaring the intew-0-ow .uld b#hit i fde'eadr0 t4
a moualiwy. During the inta phaaez of thea investgtioiti th obofa

aer.e to t12e-rriui qpostionm wore rteorded on & tape- rseacrdr; I-Atar

written r~vorda* were ctatizt.4 d. Subjeats wore asked ia' mwbr of que"wti

VISIn *Ueda &rive oi que~stions lntowkda U* pro'wks renafrs eaiOut ihejir
combat exiperieneu and ot~her stab i.ts thst, the.- felt were gzaeto. the
topics mf interest QtaemtiCon A". W PALktd. by . __ as~ -a

appendix includes a sumary of tho quontionrn aie"d.

5.1 Labch -a opai~atlou Las 4 -. *,,,mn iiturý, anld sriuuv)'.bI= c,!4l roul
from sampling 'iiy certain phases of it. In order to &rdrtbwu hei iope"
ative the sample wasn of the popiaatlota from which it was o6bta1ino the follow-
i" ng alysis was performed. The P$4rA of Abstilitie 5uriM6,.tW ozma0W
fliet was divided inbco quarters 4ur& a U t~fl Lven to eAcb 4uaf4t4r In %icih
each of the avi.aors interviawe4 fvo~ 1* bad o~mhai~t ot;riianc. The re-
suits of this anmlysis are preskited'An.?cYle I.,

TABLE I-

THIE NWIM Or MAMMV BPOKIITS W1EAMU F"I DUIMIE
EACH QUARM OP THS KOWNN c(UnfLIt BAE on 36 17-IATORS

Garter of Year Jani-mar Av Jun -JA __________

* CWaendar Year

1950 1* 12 13
1951L 14 15 15 6
1952 10 10 9e
1952 14 50 109

**Lirst Quarter of Hostilities

**Lat Qurterof Hstiltie

0:I I
.......



oql mbor of "tlot presoet and flying in~ oomAa4 durima each qj.wtzw

give of the first quar+,er of the wtion) to 9.3. Th4.we Is nxm ar-
nentation in tbo sample tr'm thoo pb_"ses of thme ~oif-Het occurting dariA j

th-_~ ~ ~ :=- 6-z" a1 4 15 -iu wJIinier, spring, &wA sidi1e of 1951 and
MioaM re d "4 tal .j ere bttion fr the 14to fofli of 195.1 &fri thni winter &Wa~ p 4in
o f 19.52. [T

5.3 Of the. A3 a-iators reporting combat hours, 16 rep~iiW eob* "Mper-
lene frir Whrl'i Wer 11. -Thin exeriana w" sc~tter*4- as to t&-- awe and

lypo $Ad '~tiat of as signmant. Two aviator. could not rmfter the ~e
"Of combat hours. Thirty-six TijAkorn rjeprted flying i-- comb- 4- .Wov~a
and onlya eoild no recall tenvwhrý_of om h-=z' 1.hoUM
toota1p the interview data represeptLR a reported 17j,610 combat ho~iws wuithA
4,"0 hours 4nj Vorld War II and 12p730 hou" in rkorea. The average (with-
netir, mesan) for World War 11 is 349 hours, and that for Xbrea is 364 bouws
per man. The overall mean is 359 hours per itan per conflict. All distri-

eat number of hours reported for aW Individual in any given ooollict wans
900 bon"2; the least ton hours.

5.4., iaziar aspect of overall sampling is the sample of airoraft that is
covered in the datar. The number of pilots reporbing combat experience 1.
each 'of the seven Anny aircraft is presented In Table IL.

TAMI 11

T"~ NOMB OF PnlOTS 33 A $XLCTE SDJIFL OF 43 PnMOS FlEPOTIN
0CKDT EXVO-MMC IN EACH OF EVI AWff AERlOW?

- -1- irraidft I~t ýof tildes Report~ing

L - 4 15

L - 16 1i
L - 17 1
L -. 19 33

H- 13 7

Aimbr Pxotection: An analysis of the questions asked (see appendix) per-
tainwing topoeto o ns ie speetdIn Table IU and Figares

1,i nd 3. In Interpreting this dzf~a it mmt be r~ewmbos that theý pre-I viously mentioned biases and in addition those blkzes dw to the q~estivity
of respondent's memory are prosent.
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TAMA 111I

REporfi BY 43 ARiXY AVIA~om*

__ TZMes of Fires )%countered v.

Smalil Armw**86
Fr nt~ ~om*77% f

Toonludes nyahn 8Lia FAh _ _.'~ . +.raviao ..
-*Includes ugirtgle round hits up to and includi.ng 51 caliber.,

***Includes all larger rounds capable of fragmemiing or fragments thereof.
Perce"4ts reported are of pilots reporting fire ezicountered or hit re-

ceived tiompared to all interviewed.

5.6 Fires encountered were diefined as thoue firs* which the aviator re- [.
ported as being diroott.4 at hin aircraft. Hits received are defined'as
those which left evidence on Mis aircraft. ,wa1lt arad to ;An-d. ~ui.
gle missile rounds up to and including 51 caliber. Fragmentation Includes
rounds of larger caliber and fragment~s from various, rounds Incluiling both
anti-aircraft and artillery or morkar.

5.7 Figure. 1, 2, and 3 depict the location vr~i, to some extent, the dam-
age received by the aircraft. 0n1mr those hits about which the. av~Itor

jicould recall enough information to make an accurate pl.ot arm reco ' -i.. d.
Therefore., here again the selectivity of human. memory is operating. Al-
though the aircraft depicted is of the L-19 type in a normsl flight atti-
tude the actual bits wore received on all of the previously mentioned fixed
winrg. aircraft typesý and the aircraft -were frequently in a c~lmbo bank or
dive-attitude wban hit. Figuxre 1 depicts hite received at altitudes below
one thousand feet. above the-terrala..Mi saiau are defined. As unm to
sad indluding 51 caliber rounds. It is interesting that all of the hits

W ~ reported for this altitude range including those upon which information Ws.
tdo in~ooplete to permit. plotting were smell arm Mit.. Figure' 2 depicts
those hits reported between 1,000 and 5,000-feet. Vore there ii a mixture
of-the types of fire received and the angle of penetration of direct fire
is, as to be expected, more nearly vertical. Figure 3 depicts hits at *I-'
titudes over 5,000 feet above the terrain. All of the hits depicted and
reported at. these altitudes are of the larger caliber anti-aircraft variet~y
This in quite, reasonable as this im a long distance for a rifle and beyond
the tracer buruout for larger xachiuo Iwns.

5 .8 Meu there seeme to be a relationship between al1titude and typ of hit
received. Hoverer this relationship may not be a simple one. The character

of ayarmed conflict atuaaces as it developso. To invastirrate if statch1* j
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respondlents could re.--all onough info~rmation to permit accurate plotting.I

A fragment from this hit injured the right lorearm of the pilot. *This hit

took off the right wing. The pilot aind o'~.verve were both hit, the pilot on the

right side of the head, the observer in the face and head. Both occupants had
to parachute to safety. 10 This hit caused the pilot to receive small

fragments in his hand and heel, the abservar received about 40 small pieces

in his lower bock. 0J This hit caused the pilot to be wounded iae the lefttog 1-M~ lost- consciousness and the, obtorver 'lew Aereturn mission.

71
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Over 5000 f to

FIGURE 3

Figure 3 is a compozile 20 the hits which were reported af ultif,!Was Acove

ý0OO feet. The iigure illustrales only those hits about which respoivlentis

could recall enough information to pizimit accurate pintting .0 Fromn thii

the observer was killed on4 the pilot wounded in the head and arm. The

pilot was forced to parachute to safety.



changes may have affectod tha volndenmaip betweeri altitudh oud bi", a
fi-ot veraus last hal F of canr2±clt. tyua o: na~nn~ ptz-foxmo - IM

14) hit ard al ti tiuI U1toe, 7If~ )jtf rapfirted by Pleta nar-r-Ag duxiug th't A
.4 frt five quarters of the Korean conf7.Ict.&ra ocapard W~ hIt4 repoee~d

N-~ by pilete narvirn duelng the la',t f~vio quiixtk-t of "hL 041u.ot. We~
~ 5 'Uta La r' oiented in Fi~gure A~.

15.9 "Mo diffei+t*iio irk altituda.m at wM- dh nllzs+n kann.& Ah4*u *6rA

oarly and lAtor period.3 of the Xor-twt conflnt. in promen"-d ix; ?Ur~zm 4~.
During the later period of the oonfliet hits occurreed at hIgher altitulAs.

The4iroon"_wftro nign-ific art beyimd the .05 level. hcmav~ar, the fact
that no f ragnsnt~at! z hitanwrs rao&O4 .5...I*- LU P-vtvro~a w

in forward areas as the Korean conflict progressed. Therefore, it 1A a -

matter of question an to what are causes and what are effects in this
thre4 way ielationship of time, altitude and typt. oZ hit received. However,
that there was a relationship between altitude, regardless zX the gwiator's
reasons for changing it and the type of hit received is quite apparent
from Figure 4. This information can be used in evaluating the aviat-r' a
reasons for selecting a. particuala~r altitude during a combat mingle.n and
therefore be of help in determining the type mand extent of the hazard for
which protection may be designed.

5.10 Another type of information that i's useful in determwnig combat
hazards. is what typos of field expediezite have been used by Arm~r aviatorr
to protect themselves in past combat operations. Consideirstion of those
fac.tors may tead to increase the accepta~lity of an end item by giving
more assurance to the user that it in aLccompliahing Or viii Lacco=Ush it.
function. Of the 43 pilots who 'wermI aterviowed1 , 26 gave affirmative
anowesm when asked if they had Goer uaed may type of field expedient as
protection fr om new fires (see appondix). All of the expedient. mentioned
were inte~nded to give protection to the so~t area. Thr*e of the .zxpwienta
Imanti~lolJ enVBF&J flor- A~rea ii addi4Ims t^,h. a ~j
they had used Liateiialn from flak suits or armored vents and 12 had used
other materialsp ranging from r_-. vs of armor plate and stove ]ids to
sponge rubber. Following the %. U lns of questioning nime aviators made
coommnts generally favorable t.ý. %.:otective vest and sight made commnts
gral 16eraJ.J unfavorable to the usa of a. protective vest . Eight aviators made
coments relevant to the armoring of the individuzal or the aircraft, four
advocatod iarmoring the aircraft, twn' thought the Pamor should be ma the
man and two believed there ras rno requiremeoat to armar either the MA or
the aircrafi.. In all cases the aviators expressed a concern avor the
weight of the propoued protection and the effect of this weight oM the
-drcraft performance.

5.1.1 Finally, hits to either themselves or passengers were reported to have

17'. This table auff':rs from the unavailability of data from aviators killed In

I 9v
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aetion. The death reported was of an obseri'ur riding Avith owe of h
Pilots interviewed. raw~ of the able per""t Wow eA~e by asli am~

TABU~ IV

"M GMU IAOCTIO" G? INJURY TO UZ

Ar"g! OXME-1 AMU~ AI

Thoracic Flnmt 1 -- - -

Lower Ixtweity 3
Death 1.

5.12 Crash Protection: Another area that was invoitig"*. as a sonras ef.
hasard to the Army aviator was tbo crash envirowment.i Te seeps' of tVis
investigation was limtited to head protection. Uwwewui' it mot be kelt Jin
mind that any protection offered by a crash balmt tn'e of eiqtipwr uoa-
stitutus mnly a part of what has been termed "Or~alh vrthinsss".

5.13 Preliminary ta&Iks highlighted the head as aParticularly Vulnerahe,
part of the anatomy during an aircraft crash wldiring'ths iiterviesvo the
&ubject was pursued further. Aviators were asked to state a preferetos for
zrash or ballistic protsctlon by answerin a b~pethetioal questioa. The
question was; "If it vie? I~ossible to make a balsist that only protecdted you
from enmy fire@ or one that only protected taom the hazards of a crash,
which would youi prefer?" Eighty-five percent ansuered they would prefer
crash to ballistic protection, 11 percent answered tbejy profeirid ballistic

V ~to crash protection and four percent insisted that theT felt. that. there was
no need for a helmet for the Army aviator.

5.14 The nm~ber of pilots interviewed who had crash experience was rather{
small, consisting of only four aviators, as the atuidy group was- priaariLV
interested in getting combat infermation. No pattern of Injur could be5 1 established froms these four reports.' However, when la~rgisr uuberz of &ac-
cidents are analyzed a pattern of injury does mnerge.

20; 5.15 The souices of information furnishing data an larger samples et air-
craft accidents are both secondary sources. On~e isthe U.S. Atuge Boird for
Aviation Accident Research (1), the other is the Aviationi Croah Injwry As-
search of Cornell University (3).
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TAMZ V

THE PMW OF A MAMP! OF I"9 SWV M9 OF UIGT&P~l ~ __

Upper Posterior 4 1 10
Upe n~ir45 32 57 A

Lower Posterior TO 5 21 -]
Lowr Anterior 42 25

Tnx~ of Tlra tar

Fracture 18 8 27
Concussion 37 25 49
Broken Weck 5 2 33

A report of the Cornell Aviation Crash Injury Rleearch contanms the infor-
nation, that of 800 survivors of crashes in light aircraft, with each su_
vivor injured to some extent and with each having worn a afety belt, U
percent sustained injuries to the head. The head is reported as the vat
injured body area. The report also states that..."daongrm hoad injuries
are sustained by nearly eighteen percent of survivors'...This infonatim
evoked enough interest so that the team ds u a separate analysis of the Me-
cords of the Crash Injury Ikesearch in am effort to locate the site of the
injury to the head. An analysis of this data is prosented in Table V. The
four uite oas the head were determined arbitrarily by dividing the bea as
illustrated in Figure 5.

5.16 A smsary of head injuries of Army personnel invlved in crash" ef
Arny aircraft during the first two quarters of calender 1957 War analysed
-in the maw manmer as the Crash Injury Research Data. Where sufficient da"
was available to permit plotting, the proporLions computed for .itof in-
jury fell within the confidence limits -*Iven it TAble T. Tha i .a.w.4 LP the "
U.S. Aoy Beard for Aviation Accident Research reveal that daring the first
two quarters of 1957, 69 persons were injured in Army aircraft,-43 receiiing
injuries to the head. During the sane period there .were 26 fatalities, of
those fatalities 18sustained head Injur.Lss. Autopsy reports indicated that
two died of head injuries alene and indicated that in three other faWlties
the cause of death may have been due to a toad injury. Daring this period
100 percent of the rotary wing occupants who had shoulder harness available
to the were -wearing them when they crashed. Seventy-eight percest of the
Mfied wing pilots who had shoulder harnes& available were wearing their har-

ness when they crashed. Deports indicate that shoulder harmss. are not 1%-
stalled in. l1 aircraft. In order to give a mre general picture of the
situation over a longer tim period a s==7 of Aror crash data for 1954,I and the first half of 1957 Is presented in Table VI. I

13
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TAMZ 07

4T3,3 -- f= AN NAEW - IRM Aft..-.* N ..A M

1956 Am~ ranT W 1957

Now-or of Whaer of mev of Numb- 0!raaf

11956 1277j1
1957* 12 27 19 F' i
Sub Total 24 4435 1

1956 17 26 16 5
19571* 6 10 5 3........
Sub Total 23 36 21

Grand Total 47 so56 2*

*Tbrvagh 21 June, 1957
13ocre nn*survivable imuabehdg ar habsken oand1 ias rvpoted wyheich

swrial if suitamsuyiable hedgar habe" as s a s 1I crashpot theo UeSe
Army Bcard for Aviation Accident Research)

5.17 Although a useed for head protection as such %ay be establtshwd, Pto-
teotion is still a ganewal crash worthiness problaf calling for *ptimm
balsac. between the aharaoteristios *1 tMe aircraft and the protoctia's1*.*~*provided the man.

widpsprad nd romse o bcom ovn *re omplicated in the fzture. as

uniqe chracerisicsin U ustcaleavioxw n o.ltary. wifg air-
craft probably7 present tho greater problem as far asabievt noise level
is ooncerned., Table VIIIillastatmak~ tin overall sound level in several.......
Arsqy.helicopters as obtained frgm sevvral secondary sources .(2P ý'7).

5.19 As the data were not all colleated by the *ssm organizations there is
no guarantee that the sme, methaods more uced4 therefore the data should mat
be used as a'comparison between aircraft b"t anly to ilustrate the high
oaverall - warue le-vel In all. the &frure~f* ttudliod. It im a&so of jate*Qat

9 ~that 'b~awlmayvsi *2 the amino of the"e. ircrft places, the p~aks in .soved
rem- lefl A frqa-- be!. 11=0 atz.- pe is '"b
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Thy 00d of tbo tr~aqunany spei~twmwhome current aam
A . A b -A-_ ~ ~ -A ~h
U S*kf.u W&A QA. VI &&F "04O ' 6a _ __

tieJ rigl x", @ ttrittri* vi~h4 war@ 4*vwR1_qP for W-~t Wsm m

HVAL -iV 13 lie

H -25 118

1-34 noi

M~ 0.002 Dyneshu 2

5.20 The fact that. temporary hearing losses "am result fro& noise levels
encountered. in, Army helicopters km indicated by the work of the Surgeon of
the U.S. ArziW Aviation School. (5). -in his study, which invest~igated abise-........
In the H-37 aireraft ad various methods of attsmat ion, the sibJective
method was ?Ased. The-4. investigations indicat-s that am. exposure of approx-
Inately threa our Ionn the. cargo deck of &a 11-37 helicoptesr with unprotected
ears can result in gemeralised amiltory fatiue wuith a mW.rAtd deocib*1
loss. ,The. investigation indicates that a 'well fitt"dW crash helmet does.'

* . mch to. redwice thiz lops.. ýHowever tbswe is.-sonq indicsation that- this -.in. not,
an all or nothing tp of prbe. Th1j" atp, it: -e lot be desirable tojus
impose eln available,. ate.naation around thel aviator' I-ears. All vf- the pi-

lo,,who were a&ued ifte etta hyUsed ioatsud nfy
4indicated that, they did so. They indicated that, el4iniation of all aircraftý

noises would he undesirsbLe. They also Indicated that there waere'timesswhen
the aviator wanted to.-hear more of what goes cm about bim sand other tinsa

Ballistic Protection

6.0 The tasm -was a"t ahls to secure infomtIom with -which toa ccqst~e aI

thatý quantified: Information ou th ete*b of -the hassard faced hW: a*I&-,
tore daring combat-which my be balAnoed against the cost in weight of a
sive protective devices, against summ -fires* eaiowt be- preseated. Therefore

15



O~t~1i~4~ ~cr~aort anw 144"i~ ft~O± d itt tk.is

report.

6.1 T)" resualts in the b0_Uistio pm-teatic2 saotioin izndI&at t~t a rsU
t~icoashp .ziato botuwea alt;~ivwe avA typo of hit received. rhip Wuorwtan4o

comideras the fa9oz~ rfs SS an awiatioi' vasisotia of altitude. Comfiaz-
k ing the discussion to the. uslectioa of altituade an a ocaat ale son#a the

1. Performance circeitc rtearrn

5. WsPre svailailg toather codiios

4. Nature of the mission,

6.2 Tb. first factor-is fairljy contant although it to affected to sens
degree by the second and third factors.- Ivery aircraft. has liaSltaticmed iA
term -of its rats of 41lmb) speed,, and eoeiliag vhS 9h are verr g~rr~w tz a.
pilot'I. altitude selectioa. These oonsiderations :are affected by weeather In

thtair-density affects the performance of thea&I..:craf% Als.-the terrain
affects altitude selection in comjwnction with aircraft ;serferMas. im'sha
the aviator wishes to bhe able to clear obstacles -with a margin of safety
within the performance capabilities of his aircraft. -Weather Influences this
decision in that visibility-of th'e: terrain will -guide his In how mob of aý
safety factor he will demand to clear obst~acles. The nature of thb xissiemi,
us uaflly results in preferences -for certain altitudess *for eple' 0"MaW of

temissions assigned to Arsir aviators have a sreLlanc, -tye requ4rsme*V..

4abitxda..tbatý is. .w emoaagh to ,distiaguish-gimomad detal ~sad high emouhto
asee a- lafte enowgh -area at sone time. Woather and, terrain, lafluence this de-
cision fn that both Influenc, visibility.

6 .3 Last bust not least, the peasos available to the e0007 inflaaac* this
altitude selection. The pilot will. attempt to combine all other factors and

alotry to find am altitude which will allow him to accomplish his miselaig
-.ee.the snemiest weaponls a"e least effective.

6.4 Of these Ziv. factors it is asamed that during both the' ealy sand L..
#eriads a" the Korean corflict the. first, foar, perfor-uenc of the aircrift,
prevaiingt weather, terrain.- amd the mature of the mission - varl" mote `or,
less In a random way within the sa limits of possibilities. Therefore 'It

fr £U.WfS 16
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MIS

scietionbotwosa the tuo =Aroda- Ira aasa.w- -- ftaepl#*-OR Mh-_~. .--

fac _r th t the 4 Jnffg, tbM
are relev!!ot. . .-

1. During the Korean eontiict, heavier ax1t1-a~re-raft mftpap.
e~.r-e aranilib1vý to thi amnz&W for ui;ýXwu i foartr a" esdiu h

latter Deriod of Lhs apkfl-et-

*2. Smalaims~ fire ane xoro* -ffectiv, at lover ul~tttuda aGA he&Wm-t

6. 'eeping these factors in mind the question is asWe, i4ky did arvktwa

anti-aircraft weapons? Wouald it not semm logical that they'were solesting
incesthi altitueawhcte wmlee wheapn wer e eaeqbadati2.ab mOr ng' LIt W

fires at lower altitudes, that as the ezsW incroased. his Pol' ar aisoi
he -realixed. that these law il~ylzg sir=-aft wse valnerable to small 4UMma
fires, that the avietors chose to take their chances at higher altitudes with
the heavier caliber weapons. In the future,, the trend towards imrumrt*d use
of elocL4oamo sei~illAnce and o1 at ro.'c zuidaxce and fire control wMil
probably reverse thoee odds for the aviator and force bin to solo ait&It ta~s .' a
which: are quite low in order to gost in thP altitude range wheore olectr'uia
systems lose reliability. It is concluded-that this laver altitude ruang -

wlstill- -b nae hr mall am firest wil present a considerable :has-:

6.6 Wkat effect does this have on the type of protective el~ui-plt the 'Rti-;
ator. will used? The major difference between smoLl axuu fire* -and froguamize
rounds, as far. as theý protective requirements axe concer~id, are the raltivd :.

--rilf - -~tqV~ The:- I~* ar !Mr __ ht= f iia &M

orally of greater mass and usually have a velocity on impact equal to w.--T
greater thin fragwouts, To provide effective protection against =~on arms
an armor of greater weight than the light weight exclusivoly tixtileý "%or is
required. For .xmaple armor to defeat 30 caliber ball ammunition at opera- l
tional ranges -is approxiiately aseven time. heavier than the tLsktile a&¶fr,

iwA agins fmgmetaonly..- Armor for protection agaimit small arms probe-
bly oul~bos bea cobintionof oxtie-nter as-a/or materials haring:

greater rigidity. Because of the nature of these materials, i.e. their ri-
gidity and weight,, it would not be feasible to place the zuterial on the
aviator's W4d. To do so would interfere with the mwesaentu of the operator

6.? Takingý them*e faators- under comideration aud aloe considuring the v*1gbt4

1.7

--7 . -



for tho batn heek, aud to cow a~eub the sides of theb94 shoWi be

aRiot~o&P part of ths poteaticu aysts in all aircaran Wb1h ww i

6.0 '11 "wli ini~ sia t oi a real mse" to pgivio gmpAot*r V-t:%
tion to Om' avlator'u Lhad, It Is bolioved tha thari sz-. wty J- wbisk
the fludhxs of this report cam holu In this ara. To f ~~'n lee
#sayEi3 of site of inaury dota Indicates tho -ft to be te =4 fmuwau.V
injured area. Frem Inspeatiou *misting holmet. do not seem, to pravide ads-.
quate patec~tiaA f ro Uipaeliag obJea t in fLa-Cia arww . AWtvM*&_ %hv3en
face my swsAimn relativelyr geAtor damV than the reat ot the his" ditba"
fatal oucle*~.h dwsg .--- resr m . wa X.,s of w jumunw during an A

which would prevent a rather minor crash fim beomaing a mom serious oeo,
0e.g., evacuatiom after water ditahings, *YR4,ustion before a fire occurs, eto.
Therefore it to concluded that more protection Is moceescry for the fa*ia

6.9 A second application of the results of this study of bead Injury %*au
be to attempt to reduce the -extent of brain daumg. Una, the hma hee" Is
soceloratod In au ai~rcrft crash two things Wa ha~om. First the skul oem

be injured from the ontuiids by inpactifg aganist objects. Aboh research box
been done and is continuing: to be dew. 1* this area (4). Secondy, the 1mmm
head should not be conpidered am a sol.id object, but rather a fairly seid
case withx a very sensitive organ fleating In- it. Thmrelbors when the head it
decelerated over a short period of timme serious dmW ageem occur Inside the
skull utile the ouitside remain completely intact. It ii suggested therefore
that research on the offsect* of deceleration and brain damage be iavest"ae
to so* if it in feasible to reduce MhO4 deceleration during arseab to limit.
wherg dmavge will not occur. Such information will. ftruish guidarnce for do-
cisione *!a whether such deceleration reduction Is possible through halnet
desGnP -the design. of areas In the aircraft Likely to- be'struck by, the, heads
and, head usetion consrolling devices.

6.410 Tbse results on noise barnard. indicate that- the aviator Am. flies rtr
.. VI o~S iz'caft cortainly moose mmo pretecttoa. tromthe acovulticaj. snvirnunint

However, it Is g.1t, Mat: p)acioig all tbs availabie attenuation In"to Army
aUiator's, -belme" Wmct be the solution-to thw problon The fact that all if
the aviatowu asked itidicated that they used urnsa auditory reference to fly
makes, such as Aaaoh~ questionable for the following reason. Nivm though the
present state of technology would not permit a conplete dampemiug of soimm at
the aviator's ear, a helimet with attenuation chsrectoristics that would give
qavimm avaiablehI.protection in the noisiest of Army alrawaft," ymt rdue
listenead to - ouuds in a 3*su moisy afreraft to a -Poini that eI.d 11 k the :
&Avitor's task Mre difficult and hazardous. It io felt that an seamte _z'



this problen =1 U* foa )w fi. noe 4-i.V .*

%rd kftat thaie .Uvela are ia & Art~ t airrat Tho atteuu on ckr~zA
intica co~ald the Ws balww~od sgoist thoser q
roesearch ~umd z6 mto odteefsly aud tisi cowmM". ,A AbO4 APM*OMeh WO44

~qto vp-vd; -hu of &4;~*-M or ise" y f atwaj u.jor*Ig
bass of at* 2iO~ Vh~ -rt aay to Puis b~.s Z-awjU azaM.

bd 4~M2 *044 alv* vak4 it- ftwxlr' for his to parel. his Zrou role
without rm"~Ing -hib WhAls.- A thirdi &pproath wotld'be to pte"Am. all-i.
sibic 4tta~tialOL F'1 * ~A ii fectnrtofvL4imszsm'oo V~ir
flyiMl £.11 avial ty"o &1mt

thatthe cold mko Forinsanc, m oftheaviators were concerned aL-
bout the weight of any proposed holust This in &-problem that to roooguiued

ano* can be given tic. the data -Obta med. There are two aspects to the weight
probea.First there is the problema of total weight ap3 d socudly, the prohloi

w of how thio total weight is distributed. It Is felt ýhat this problem can
beat be awswe red by ezpoft**4ia1 xtudioS whi-Ch Would PtVe1M 0eimGnisr
quantified data relatibg weo. it #ad Weight 'distribution to the gorfuae of
the wearer. Thus they would have, a quantified criterion against which to
evaluate their designs.

6.12 In conjunction with helmest edip most aviators also Indicated that thereo
was a need for oso~ type of glare wpet~ection device sach asa tramsparont eye
saded which could be pulled down or pushed up. The aviators also felt that
communication .qvipmezxb should be integrAte4 Into t6he headgear.

* 6.13 Pilots were asked hvv they felt the head gear sh~ould be issued and al...t
ALI fol +.~ d ~ pew~i -m insue 'Masio. it should be noted
that smom pilots felt that crash helmet protection was not mec*30as7. Upon

further questioning it wAs detendmid that thosea aviators who felt that theI
h1elmets vere not necess ary also folt that the hiad was much loss vulnerable to
crash Injury than the data would Indicate. It In felt therefere4 that hebmeto
for wvisatrm should be Introduced with scum type of training program.

6.314 In addition -W these commnts others ware made in more general areas.
Seven of the aviators interviewed na4e abatemients indicating that present fly-

* lag clothing is inadequate. They im4icated that it was inadequate as to
weight or protective cherauteristica'and that the pocket pkaceimeat was not
adequate for accessibility when they w ar trappad intow a& airvraxt seat. g old
*.weatlwr req~tiizwssts were mentioned as a particular problem. Two Obthr items
of equipment were mentioned that ane worthy of particular note. Om was air-
craf~t cates wft"Jh -wro eILieized an mat being comfortable emough and anotbor
was the insulated beot which wae orlioisoud as not having ausugh *feel* to be



as accept~able purt of fl~yiag Saw.

helmet1 AMm WAY eirr 4.uip.~

2- I*-_* pwnmlI .1 bz' 1. -tic------.

that LmAr be developed for the AzW a-vister if the oned for praotitSn IS
established.

3. Tat he AW arcrat sat,,resrashnin b deviesoaed aviao'

An7a aviators, such protection to include a holmin douigiied for the AnW
aviat~or. That the. helmt designed provide protectiona to the facial area to
an extent that Adll roedce comousion.

That research be initiated to determine the offsets of aoerall beed-
orweight and weight distribution on l.ong tern perfomfa.m of task@ oiailar

* to flinug.

6. That reo,.arch be initiated on the effects of deceleration on brain
damap and me'thods of absorbing impyact emargy.
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b.m 4ým mCMtr ft ou~~

9. Vbat tpsriof wase *10.fld lud Los e.U

b. Was 7vur afrwaft oese bit? (If met domorlbe bIto)
a, Did4 3nm ar hrW otbwr oeoqamt of yuer atrarat reesti. m

f. 4Wbat g~mr7, wa ywr im euqi Lts3:, r ouws
a. NSw W4& iom wyou yov wm hit? (ler elt~tnd above

to soft am wmgmvIq' muW ware 7" er O o
of jww plame Wivjred w a remult

g. m 7mr vow~ attached * ww alfroaft (it us, dam"~i)I

* ~totsas prot~e1U= ap~inot enor fli.

1.If It "wre pmdshlb to 3wke a b*2xmt that N2IY p.teoted 7w trai
mmwv tfrve or -e tkat cr~ pvtotestd frca the 1w1 of a

If&.V al vmda o 7ow alrarslware rnwodo o7tthn "
"mad rum±L. no

U.Rve pmu ew mn -the MW'. amrurd vest In ~ flI&bWf

otbw quotwos ware aadieubo varia ym i th the lutiovismovs wperlown
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Weput Air ~Gari flak mditm cm tM flba&, l *m*m

Wevm Afr Corps 92Ak SIUw i b. -m Iw wdU

I sat cc a f2ak vut end hun cm an * ekof Id isat.

I unm a.. Sudik vetu utg old cmt usan on. t ~ 7

vtadflak vest Iaat too ium ad did niot rembilot mariat.

We us" to Lime the afmrrft coodkitq -m bwbind *a* "sat.
I -. m a flak wjt an several ooammim~s. It rewtawiets movemet mA
m eatad axensal- fat-ige.

T m+. n t he A- im ý4~

I sat can armv es dhd another=a a w t mat, ak

beter hantheplates,, as It did not Intoramwf meilk vinot..

* 2. Pro tective fUUl egpedimUt that wued other materiail.:

I imt au arwm plate.

3: use4amAir Grps flak mat out of a &l~d ftlUrcpe.
684a.uo plae Vus wed Cm +A* Smat...
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L7_ 1=

Y jwmaiiI aMt~~*T Alaw~i m4awWau fua * ww3 "mi ___

I pUt S nal pIla" uwhgeat am inS *a MAU

airwaft smar,.
Al

j~mm sff&U b amsl. i a wvet untu te".

P'Nceml grin. might be wise, boomm it ebe ronw"

VI wid pimfw bs* wt4 ane w m an wawetmmto

Z tiiu ym dituld a.mw te pine.

:1 uinl rath m harm u'In the afronft Qhm onOt be&'.

Ie1drwas tboK- have proteo"m kidlt in thman ' ike pw.ue.I I
There lma no qufinamt ftw boody mw, but th.,AwvUl be

11~b -m f~r fte aIreraft

I. Cvmta fc~ww&Ue to amIU4 an same "eAt

"Jan mod f3ak suits in VW 11.

!"Wis im4amla a Morino (3erp Vpesvt ib I MW hit *d bad

X po aflAk vw a,7 and uuimw 1 *ot. ae JW-
lacu Toft ~an * flak ,s. -orm-It t~a vm, md A.d set r~esttiA



I-~ WTv fak risk~ Wwm KwOKM --I* Wf.-M1 mm-- mm a .. £

*~T in~t. " vital r vioabrb io aimýrcpraft Z"i~~ ~L

I Matic or c-i ± ± ~-

-- -lea A"rabl to hugm~o won w-e". f
I edam Army flak vest, it we ba buoy.

Thu Air Corp. flak vest is wemomerkabie.

7. Occasionally we" a vest, it was hot mu resutrict". Orm,
iucwy~niemt.

I wsed an old flak veset to sit on. I would net wear a flak soni.

(duplicate)

I do not desire to wear bod armr..

I damft wait bodr azuwr.

A wet movld imareas, fatigue.

I WWr a flak suit on atewrel .cosIms, it ryestricts maui-
mat sand created excessive fatigme. (daplisat

Army aviwmats usd a @ald waa~br &%U.

There i" a defiadit. mod for a ligbtwight flyin gvomt-Me [
T . e is a requirammat for twquersto an arctic glwos.

Ther's is a definite reqvirement for cold westher flying cluodm4.

Presomt v=..tsr flylasj suits arve t". ti.-jy =-w te.

A ligftwaigM flying wait is yequired.
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7. sa.ral rba ~~W moutem1iss op"o Ine itow ofqA.r7

The the!ma bi--- is vM fttv#fit-T7

iiY' hireraX beat art Mm~ertabIe.

__ ~ ~ ~ Sn na4 to be 331, esfralk- -- .---.- ___

A friend was obt dew and crushed; there wae a firs.

In des1ignig helmets consider oewezeation batwea piiet mAn

Requim. sheaIder harmes* in all AM~ airara!%.

I would rather fly 10 fixed wing aiseiosm that 1 rotary wing
mission in3 Combat.

I feel that the cold is definitely a problem.

* A
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